Ϫ/Ϫ fetuses at E17.5 and E18.5 revealed marked skin defects (Fig-1 Immunex Corporation 51 University Street ures 1A and 1B). The skin of RIP4 Ϫ/Ϫ fetuses was significantly reduced in skin folds, and the hind limbs and tail Seattle, Washington 98101 2 Genesis Research and Development Corporation were consistently shorter and partially fused to the body cavity. Most striking was the fusion of all external ori-P.O. Box 50 Auckland fices, including the nose, mouth, and anus, in RIP4 Ϫ/Ϫ fetuses. As a consequence of oral fusion, RIP4 Ϫ/Ϫ feNew Zealand tuses most likely die at birth due to suffocation. Histological examination of the oral cavity and esophagus of RIP4 Ϫ/Ϫ fetuses confirmed the oral fusion and indicated Summary that RIP4 Ϫ/Ϫ vibrissae were poorly developed ( Figures  1C-1F ). This atresia continued through the esophagus The epidermis is a stratified, continually renewing epiinto the squamous portion of the stomach (Figures 1G thelium dependent on a balance among cell proliferaand 1H). In the paws of E18.5 RIP4 Ϫ/Ϫ fetuses, the epithetion, differentiation, and death for homeostasis. In norlium between the digits was also fused (our unpublished mal epidermis, a mitotically active basal layer gives data). To determine if defective apoptosis was responsirise to terminally differentiating keratinocytes that mible for the epithelial defects, we evaluated interdigital grate outward and are ultimately sloughed from the epithelium and dorsal skin by TUNEL staining. No differskin surface as enucleated squames. Although many ences in apoptosis were noted between wild-type and proteins are known to function in maintaining epider-RIP4 Ϫ/Ϫ fetuses (our unpublished data). These data indimal homeostasis, the molecular coordination of these cate that tissues composed of keratinized stratified epievents is poorly understood [1, 2]. RIP4 is a novel thelial cells depend upon RIP4 for normal differentiation.
N-terminal serine/threonine kinase domain with roughly skin was not a consequence of increased proliferation.
40% identity to RIP family kinases [7-9] and a C-terminal
Progressive differentiation in epidermis can be foldomain with nine ankyrin repeats. More recently, RIP4 lowed by the unique expression of different keratins in was independently identified by two groups as a novel specific epidermal layers. RIP4 Ϫ/Ϫ skin sections were PKC-interacting protein in yeast two-hybrid screens examined for the presence of early and late differentia- [10, 11] . tion markers, including K1, K14, and filaggrin, by immuTo assess the function of RIP4 in vivo, we generated a nocytochemistry. In normal skin, K14 is expressed exclusively in the innermost mitotically active basal cell layer ( Figure 2C ; [12] ). In addition to expression in the nous and granular layers but not in the parakeratotic layer ( Figure 2H ). Although filaggrin was expressed in the inappropriate cell layers of RIP4 Ϫ/Ϫ skin, some fraction of it was processed into its mature form, based on immunoblot analysis (our unpublished data) [13] . In the layers of RIP4 Ϫ/Ϫ skin where filaggrin was expressed, we also observed inappropriate expression of two additional late differentiation markers, loricrin and involucrin (our unpublished data). Collectively, the expression of keratins and differentiation markers in RIP4 Ϫ/Ϫ skin suggests that the outermost parakeratotic layer is largely undifferentiated and displays characteristics of more basal cells. Furthermore, electron microscopy revealed that in addition to the marked increase in thickness of the spinous and granular layers, the outermost stratum corneum of RIP4 Ϫ/Ϫ skin was absent and was replaced by several layers of nucleated parakeratotic cells (Figures 2I  and 2J) . To further investigate gene expression changes resulting from loss of RIP4 in skin, we performed microarray analyses of wild-type and RIP4 Ϫ/Ϫ skin mRNAs. This revealed elevated expression of a number of genes, including those for K19, several S100 proteins, and the Sprr family of cornified envelope proteins (Table S1, level that impairs the development of both hair follicle and epidermal cells. Thus, it will be important to elucidate the RIP4-dependent mechanisms that link differentiation of hair follicle and epidermal cells. RIP4, or components of a pathway that includes RIP4, may represent targets for the treatment of inflammatory or neoplastic lesions that involve the keratinocyte lineage.
Experimental Procedures
Cloning of RIP4 Partial sequence of a novel, putative kinase corresponding to RIP4 was identified among a series of ESTs obtained from a partnership with Genesis Research and Development Corporation (Auckland, NZ). These ESTs were derived from a transit-amplifying cell library generated at Genesis (J.G.M., unpublished data). The RIP4 EST contained a complete kinase domain, a series of ankyrin repeats, and an in-frame stop codon but no initiator methionine. Subsequently, another EST that contained the missing RIP4 initiation codon was deposited in GenBank (accession number AI317448). This sequence information was used for generating PCR primers and cloning full-length RIP4 from a mouse stromal cell library. Our murine RIP4 cDNA sequence is 99.8% identical to mouse PKK (accession number AF302127), a gene recently reported to be a novel PKCinteracting protein [11] . 
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